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Mitchel l  H .  Go ldman,  MD,  Knoxville, Tenn. 
A case of  absence of  the right common carotid artery with ori in of the external carotid 
artery from . . . . . . . . . . . . . . .  the innominate ar tery  and 0rigin 0fthe internal carotid artery from the right 
subclavian artery, pro~mal. . . . . . . . . . .  t~ the rig =ht vertebral artery is presented. Atherosclerotic 
occlusion at;the 0rigln of th~ right subclaviafi ~artery and occlusion of  the left internal 
carotid ar te~ . . . . . . .  resulted ina  VertebrobaSilar.. syn~0me. Blood flow. from the right external 
carotid reconstituted the~ri::ht vertebral ~teg . :~,  ry ~a muscul~ coilateral vessels, movin g first 
ret ro  fade tO the subcla~afi::Arte and then ante :fade throu  h the ri ht internal carotid g ............................. y g g ..... g 
artery. Symptoms wer~:suc~ss~ly relieved by tranSpositiO n pf  the internal carotid to the 
externM d~dtid ~te~ TKig::iS the second re orted case in the iiterature and the first to be 
observed in . . . . . . . . . . . . . .  a Clinical Se~fn~ :The anOmal .  . . . . . . .  y can eaSfl y be ex p lainedb y emb ry onic p ersistence 
of the right duC~s Caroti~S aSSociated with involution of the right third aortic arch. 
(J VASC SURG 1995;21:855-61.) 
Vertebrobasilar syndrome accounts for less than 
10% of  operable extracranial occlusive vascular dis- 
ease. 1,2 Likewise, although variation in the anatomy 
of  supraaortic trunks may occU~ : w i th  some fre- 
quency, 3 variation o f  the distat:carotid system is 
uncommon.  Here we present acase 0fvertebrobasi lar 
syndrome associated with an unusual congenital 
vascular anomaly of  the internal carotid artery. 
CASE REPORT 
A 56-year-old man was admitted with four episodes of 
absence attacks occurring over the preceding 4 weeks. 
These were described by his wife as periods lasting from 
minutes to several hours in which the p~itient would stare 
into space, responsive only to vigorous timulation. He was 
able to understand what was said to him during the 
episodes but was unable to move or speak, No precipitating 
factor could be identified. He had no residual weakness, 
numbness, or lethargy afterwards. His medical history was 
significant for congestive heart failure, severe chronic 
obstructive pulmonary disease requiring administration of 
oxygen in the evening, hypertension, diabetes mellitus, and Fig. L Arch arteriogram. Note subclavian occlusion 
(arrow). 
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polio involving the right lower extremity. Medications 
included furosemide, captopril (Capoten), insulin, al- 
buterol (Proventil), ipatropium (atrovent), beclometha- 
sone dipropionate (Vanceril), and theophylline. Social 
history was significant for 60 pack-years of tobacco use. 
Physical examination was remarkable for an absence of 
carotid bruits, no focal neurologic deficits, and a right club 
foot. Laboratory study results were unremarkable. Carotid 
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Fig. 2. A, Selective right carotid angiogram. Vertebral artery (thin arrow) is reconstituted via 
muscular collateral vessels and flows retrograde, filling subclavian artery and internal carotid 
artery proximally (wide arrow). Note carotid siphon opacification. B, Selective right carotid 
angiogram. Later radiograph in series demonstrates vertebral artery (thin arrow) filling 
subclavian and then internal carotid artery (wide arrow). C, Selective right carotid angiogram. 
Later radiograph demonstrates vertebral (thin arrow) and internal carotid (wide arrow) arteries. 
artery duplex scanning showed a 60% right internal carotid 
artery stenosis, occlusion of the left internal carotid artery, 
and 70% stenosis of both external carotid arteries. Reversed 
flow in the right vertebral artery and right subclavian 
stenosis were noted. A cerebral angiogram showed right 
subclavian artery occlusion associated with retrograde right 
vertebral flow (Fig. 1). Selective right carotid artery 
injection demonstrated only external carotid branches. The 
right vertebral was noted to fill via several large muscular 
collateral vessels from the external carotid artery, with flow 
retrograde into the subclavian artery and then antegrade 
through the right internal carotid artery. The right internal 
carotid artery originated on the subclavian artery proximal 
to the vertebral artery (Fig. 2). Selective left carotid artery 
injection showed internal carotid artery occlusion at the 
bifurcation (Fig. 3), and injection of the left vertebral 
showed it to be the predominant source of anterior and 
posterior intracranial circulation (Fig. 4). 
At operation, separate internal and external carotid 
arteries were found within the carotid sheath, with the 
much smaller internal carotid artery located posteriolater- 
ally (Fig. 5). No other abnormalities were identified. The 
internal carotid artery was divided, the proximal end was 
oversewn, and the distal end was transposed to the external 
carotid artery (Fig. 6). Because the patient's ymptoms 
were not related to right arm exercise, no carotid- 
subclavian bypass vC~s performed. The postoperative course 
was uneventful, and~an angiogram obtained 2 days after the 
operation showed a patent anastomosis (Fig. 7). The 
patient continues to remain symptom free at his 18-month 
follow-up. 
DISCUSSION 
Embryologically, the development o f  the carotid 
system can be thought o f  as the fusion o f  selected 
elements of  a complex primitive vascular network. 
The sequential appearance of  the branchial arches in 
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Fig: 3, A; selective left car0tid angiogram. Internal carotid artery is occluded at its origin. 
Level of bi~reafi6n ~anfi0t be preeisely idenfifie6:~ B, SelectiVe left carotid angiogram. Lateral 
view shows :ocd~si6n o~ihtern~l carotid arte~! 
Fig, 4. A, Selective left vertebral angiogram. This artery is major source of cerebral blood flow. 
B, Selective left vertebral angiogram. Lateral view shows filling of both anterior and posterior 
circulation by left vertebral. 
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Fig. 5. Intraoperative photograph demonstrates separate 
internal carotid (thin arrow) and external carotid (wide 
arrow) arteries within same carotid sheath. 
the development of the head and neck area of the 
4-week-old embryo is accompanied by the formation 
of an associated branchial artery for each branchial 
arch. These arteries connect the ventral aortic sac with 
the paired dorsal aortas and are, hence, termed "aortic 
arches." They appear in a cranial-to-caudal sequence, 
beginning with the 1.3 mm embryo. 
By the time the embryo reaches a 4 to 5 mm size, 
the first and second aortic arches have disappeared 
except for portions contributing to  intermediate 
cranial arteries and to cranial branches of the external 
carotid artery (Fig. 8). The third and fourth aortic 
arches are present, as are the two ventral pharyngeal 
arteries originating from the aortic sac that will 
eventually become the proximal portion of the 
external carotid arteries. The internal carotid arteries, 
initially formed from the first aortic arches, now 
become continuous with the dorsal aortas because of 
the regression of those arches. The fifth aortic arches 
are vestigial, involuting soon after their appearance. 
Branches of the sixth aortic arch form the pulmonary 
vasculature, with the left arch persisting to form the 
ductus arteriosus that connects the pulmonary artery 
with the left dorsal aorta. 4,5 
A series of migrations and involutions begins and 
changes from the caudal movement of structures as 
the embry Olengthens result in the mature form of the 
aortic arch and its branches. The ventral pharyngeal 
arteries migrate from their origin on the aortic sac 
onto the third aortic arch, becoming the external 
carotid arteries (Fig. 9). The proximal portion of the 
third arch now comprises the common carotid artery. 
The internal carotid artery, originally contiguous 
with the dorsal aorta and connected to the aortic sac 
via the third, fourth, and sixth arches, becomes an 
independent structure originating from the third arch 
with involution of the portion of dorsal aorta lying 
between the third and fourth arches. This portion is 
referred to as the "ductus caroticus." The distal right 
dorsal aorta involutes, resulting in formation of a 
left-sided aortic arch (Fig. 10). The right fourth arch 
persists and, along with the remaining proximal right 
dorsal aorta and the right seventh intersegmental 
artery, forms the right subclavian artery. The left 
fourth arch also persists, but as the proximal portion 
of the transverse aortic arch distal to the common 
carotid artery. The left seventh intersegmental ar ery, 
originating from the left dorsal aorta, develops into 
the left subclavian artery. The common origin of the 
right third and fourth arches elongates with growth 
of the embryo, forming the innominate artery, s 
In the case presented, the right common carotid 
artery is absent. The right external carotid artery 
originates from the innominate artery, whereas the 
right internal carotid artery is a branch of the 
subclavian artery. This unusual pattern can be under- 
stood in terms of an abnormality of embryologic 
development. Lie, s in his comprehensive monograph 
on congenital anomalies of the carotid arteries, 
describes three theories about formation of separate 
origins of the external and internal carotid arteries. 
The oldest and most widely accepted explanation is
based On work by Congdon 6 and Boyd, 7 in which 
involution of the entire third aortic arch of the 
affected side is accompanied by persistence of the 
ductus caroticus (Fig. 11). On the right side this 
would result in the origin of the external carotid 
artery from the innominate artery and the internal 
carotid artery from the subclavian artery. Moffat, 8 
based on embryologic studies of the rat aorta, 
postulated that the external and internal carotid 
arteries arose separately from the aortic sac. Failure of 
the usual migration of the two arteries toward each 
other to create a common trunk would result in 
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Fig 6 Intrao erafiv~ :hbt6gra h:of rec0nstmctibn w ig  division Of internal carotid artery, . : .  . . . . . . . .  p' .......... P.. . . . . . . . .  P.......... 
proximal ligation, and transposition to externalcarotid (arrow) i 
Du, 
YJ 
Fig. 7. Postoperative angiogram demonstrates carotid 
artery reconstruction. 
Fig. 8. Depiction of aortic arch system in 4 to 5 mm 
embryo. Ventral pharyngeal arteries, which will form 
external carotid arteries, have originated from aortic sac. 
Internal carotid arteries are now contiguous with dorsal 
aortas after involution of first and second arches: Third 
aortic arches, which will form common carotid arteries, are 
present. Note portion of dorsal aorta between third and 
fourth aortic arches termed uctus caroticus.A.I-A. VI, first 
through sixth aortic arches; Ao. Sac, aortic sac; Dors. Ao., 
dorsal aorta; Duct. Carot., ductus caroticus; ICA, internal 
carotid artery; Trunc. Art, truncus arteriosus; VPA, ventral 
pharyngeal rtery. 
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Fig. 9. Depiction of aortic arch system in 13 mm embryo. 
Ventral pharyngeal rteries have migrated onto third aortic 
arch, becoming external carotid arteries. Ductus caroticus 
is involuting, with internal carotid arteries supplied by third 
aortic arch, which is now the common carotid artery. Duct. 
Art., Ductus arteriosus; ECA, external carotid artery; ISA, 
intersegmental artery; Sub. Art., subclavian artery; Vert. 
Art., vertebral artery. See Fig. 8 for abbreviations. 
continued separate origins of the two arteries. Last, 
a theory similar to the first postulates failure of the 
ductus caroticus to involute, causing the disappear- 
ance of the distal portion of the third arch. The 
proximal portion of the arch, instead of comprising 
the common carotid artery, now becomes the proxi- 
mal portion of the external carotid artery. 
This case represents the second such anomaly 
found in the literature. Boyd 7 described a similar case 
found in a dissecting room subject. Two arteries were 
noted in a loose but common tight carotid sheath; 
both were medial to the internal jugular vein. The 
anterior vessel arose from the innominate artery and 
gave off branches imilar to the distribution of the 
external carotid artery, beginning with the superior 
thyroid artery. The posterior vessel originated from 
the right subclavian artery 10 mm from the innomi- 
nate bifurcation, coursing parallel to the anterior 
artery and entering the carotid canal without giving 
off branches. No carotid sinus or carotid body could 
be identified. Dissection of the glossopharyngeal 
nerve and its branches failed to demonstrate a carotid 
sinus nerve. Kosinski 9 described a similar case, but 
both arteries were noted to originate from the 
innominate artery. 
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origin 
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Fig. 10. Mature form of aorta and its branches in 16 mm 
embryo. CCA, Common carotid artery; See Figs. 8 and 9 
for abbreviations. 
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Fig. 11. Postulated evelopment for separate origins of 
external and internal carotid arteries. Involution of third 
aortic arch for unexplained reasons results in persistence of
duct-us caroticus, upplying internal carotid artery from its 
origin on subclavian artery. External carotid has separate 
origin from innominate artery. See Figs. 8 and 9 for 
abbreviations. 
The presence of significant atherosderotic disease 
superimposed on an unusual anomaly of the cerebral 
vasculature was most likely the reason that the patient 
was admitted with a pronounced vertebrobasilar 
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syndrome. One can postulate that had the left internal 
carotid artery been patent, the patient would have 
remained symptom free with only radiographic and 
duplex evidence of vertebral artery flow reversal. 1~ 
The extensive and large muscular collateral vessels 
between the right external carotid artery and the right 
vertebral artery indicate long-standing renominate 
disease. It is not surprising that the point of 
innominate occlusion occurred between the origins 
of the external and internal carotid arteries, because 
the junction between the external carotid artery and 
the subclavian artery represents the first major flow 
divider of the innominate-subclavian system. 
Separate origin of the right external carotid artery 
from the innominate artery and the right internal 
carotid artery from the subclavian artery is a very 
unusual developmental bnormality. Examination of 
the embryologic formation of the aorta and the 
supraaortic minks allows an explanation of this 
variation, namely by the persistence of the ductus 
caroticus and the involution o f  the third aortic arch. 
Superimposition of significant atherosclerotic occlu- 
sive disease caused the patient to present with 
vertebrobasilar syndrome. Symptoms were easily 
relieved by transposition of the internal carotid artery 
to the external carotid artery. 
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